Effect of Penicillin and Aureomycin on Chick Growth and the Microflora of the Ceca by Dixon, Joe Maurice
IWOOf 0'1! PINIClWN AND AtiJ~lt.f ON OOQl 





JOI MAWXGa DUOW 
II 
Bl#helQX" ot Sol~• 
tklah01l111 Agritul.t.wal ~d Melhaid.cal Oolle41e 
StU1wa.t.•r, ~ 
194' 
he.tor ot Veteri.naq M•<U.clmi 
Okl.ahooie. .Agz.'icllltlU'al and Meohaniot4 Gollelti 
S:t1Uwat.e~, Qkla.hol1li\ 
1952 
EFFECT OF PENlCILLlN AND AUREOMYCIN ON CHICK 








~e autho.r 'Id.shes to ex.press bis appt>e;!ation te DJ:t. R~llin H, Thay$;, 
ot tl1le Poul:t}~y ».e~ment tor his a.saist411Ce, suggestions l!Uld qriticisu 
duriag the plaM!ng at.nd CQ:t1dlt¢ting of the reaea.:rch of t,is ~:aisJ to 
:kt~. J,. I. Hamden. ot the ,~~erinaey :aa~terlology Dep&:rtmnt tor his sug• 
pt'hiom and aasietanee in planning the baetsrl.al stu.t\'f; and to Protes.sor 
It., J,. fhom,s<>n, Bead Emeritus ot the Poultry Departme.ntt to"t' his sug .. 
' . 
gettiou a.n4 as1tistanee,. 
Appr¢te1a.Uon is ~SQ $ltpressed to Dr~ Ca:rl MaF&hall atld bis ata.f'f' 
tor thei:r aid in stat.istieal an~lysi&. 
<11..'!eill 
·~ 
tABLI Op 0. 01ft' Jlff5' . . -· :_: ,_·: .. ·.' .. ' .. · · .. ·· .. 
1., X~OI ••••••·•••••••••·--•<t•••••i! ). 
ll. Wffl* Ql U1'8A!URS • ., , , .• , • .,. • ,. • .- •· .,. • ,. • , •· ,, ) 
m. ~.iu. m~ .Al'!), mmlJ:& ,. , • • • • • • .. • • • •. 1 
.. ~ ·:t f, ·i!I ti f 1lil • lll • f 'I! :t, Iii t ,I lfi t ii> * ti tl -jj ,jt, ·• 1 
~eat, 1 • Change& in the MltNtlff& ot the C.Oa of 
the Chick a, Il$kted te> the ~h St,~\iq iltt•t · 
et .&8.tlWottcu.1 • .. - Wli , • .. • ,. • • , ., .. • .. • • ,~ •. S 
~Gds and l,ia.teriAls • • • • • ,,, , • w •· ~ ., ~ • ,.s ,, • S 
lle$Ul'bs •. ., ............. , .• .,, •• , ....... la 
--~at 2 • GrMh Sti.mUlating Etten ot fe.ai.«1llm 
Feel to ChS.clts w:l\h Ligated O.eoa .. • • , • • • , • • • 1$ 
Met:hoiiia a.n.4 l\-'laterl4\l.tJ • • • ·*i • , , • • •· if • ·•· , ., , ., 16 
~u •. ... 11/J • • ., • • • JI, ,. !ii. , • • • .• • '* ia • • • • 1a 
xv.. »1se•10ll .or m~ts ..... ,, •1 ,. " .• * , •• , • .- •.• ., .. 2, . 
'f ~. S~l' .Ai'O OOla~\1$lONS ·• • • ·• .. !! • , ,. * .~· ,.. , * ;,. , • t • 2j 
lv 
XI,. Ave.rag~ 0:it'at."k~ of Gain 1>7 Iv'i.al.$a and. F~es Fed the Send.•· 
Plaritied Q@r~l.llMlle Basal Hation and the J3seJ. Rat.ion 
Supplemented with Penicillin or ~myein i.n ~rimen\ I. l2 
xv. 
Average Cumulative Feed Eti'icieneies and 1%.lltibiotit) Ct,n,.., 
suuiption ot !ionna.l Chicks in &tperbi.ent l .. .. .. • .. • .. 
t.. S~ry of i!lierobial ctounte Per Gram of Cecal File$s kt 
. •· '1 'l ~ 
• • 14 
lil..-per~t, .I • • • • • ,., • • ,., •. •· •· • l,i\ • 11 11 • ,, !!>· , .. • • 15 
1"1" 
V,;$.iJ. 
VII. Average <J~tiv@ Fee, Bff'iei~Mies and Antili>iotic Oon• 
swnption ~£ Chi.cks with Nor1}1al. and Li.gated. Ce~a in 
:IKperiment. .2. • • • • ·• .,. • <\ • • ., •• ... .. ·• .. ..,. • • .• .., .. • • 20 
VIII# A"lt'erage Grams of Gain ~ filaleSJ and Fe-1.er1 ntb No%'1Ml end 
.Liga.t~ Ot.iea lohen Fed a Fraettca.l Gorn-Sayb~e.n 011 Meal 
latiom. in ~periment. 2 • • , ,. • • .. • .~ • ,. ,, .. • ,. • ,. • • 2l 
.~ ~dent.itl~d ta<:h%"a a•e neectod f-, ·~ gr~h1 im\~ 
~\7 ant .NJ~tion ill ohio-k@ill 1.n. addlti<>• ,~ theta• nutl"l-.i., 
'lit~ -4 idae.-a1s, vtbach .aN,; now kn'>* to be esoi$$-1a1, $~ t~ 
:$a M :IA'le1Nlat1~sh1J ~ ~ mt.rient• .. amt vlt.••, ~ &UIOII 
~ tac,\c,n 1r,;q be b,\tOlY:e4 wi\h ~h and ~~t.ion in fa,m 
~11 as well . .- .in chick .... the,e pN~ have beea att•k~ horn 
1e~ra.l. ~ttt:~et ·anglea,. .ta dealing id.th • 'td.4:entlft•tl t&Oto-t ?en 
ie at~- ·obmulcal ae~. for thifJ l'$\$on,. blc...as07 WJ:1as ,at1, 
Cbs.4tene ad cel?'ta.m bacteria Ila.a ·~ '11M -mtet Widt.tl,' to 4e\e~ 
potent.1 and to ~t- JM>$&:Ull.e ••vet$ ot the. \ffll~IU1$l t~'tt<lr. t)~ 
La uecl mof.lt pnera-U,, as a. .. sure ot t.J!Je p~en¢7 ot·tbe JaQWn •~•. 
ot th• \UdAmu.1fte4 taetor, 
th$. ~, et an Ul'd.den\l.ft.etl tao'°1' ~eqUS."4 fm, ~•ur. ~h ·. 
eu Mi be eetai'bUthe4 ~il the ;ta;t,or ha$ be• l~rttUi~ amt at:~ 
~. to make a ,tuq tt>t an ..S.deatifi.G4 tact«>r; ...... :ra.'t'-•· a.at- tlnt 
\,e adtqate t•Jt aU mioi,n. tssenti~ mt\ritmtia. fte .u.iri.li'N V'al• o.:t 
teed ~tU.•ta ~. Vat.'1 u te \1"; ;J$\mty ea4 ae-.od$ el pffJt••lbe• · 
fo el.4-14.na•e tlda· v~t-~\tott ;$'dtt.~teat -'h $f each te_.4 ~~eat 
w be •• 1ft. ~ 1':at.1~ ast be ob~ #il\ one ·'ta• to:t tile etlN . 
t~, •ai, tliltb. tee.il bg~en\, v.a~tia.tioas ,eciuqe(l to • ldm• a 
the .-~ntel. ·~ r&ti<>n•·the ~•ti •tan l.d..4enU.fied ~-
taew • _,. ••,pi~t, oen i. ~_.., bV tbe, :i.m'tN&Se.d ~h •• 
l 
etti-ienc7 ot ,fe$d. utU1za.tion obtain•d when the $U:ppl~nt is added to 
the 'basal ccn\r~l r~tion. 
'.the •in ~Jootives ot this $tu~ were (l) to deter.mine the: :etteot 
Qf 1.,-s~e ~eillli1 G an4 a~rqcin ~Hhlori<b&l upon the hao• 
t•l"ial tl<ilr>a. ~t the ~eca in the thick when a a~~i~d ration•• 
te~. (2) to ~v~ ·the snwth n,sponse <"ibia!ned:. bf ad~g •1'1$tallin$ 
~oUlin G to a practical ratiQn, {)) t.e ~fu11~ the grOli!l'tb respo11se 
obtai~e4 bf· teedtng a pra~tioal ration su.pplem.ent$Cl with <;:ey11taiu... 
pem.eUlin G to ch:tokts id:tb ligat$d ,ceea; and (4) to t1tea1U,J1e t.h~ ~h 
NS,onse obtaaett bl' :i.nj~ting ;proeaine J,enitllliri Q Ml &esame oU 
i,a1/iNl1,Q,Seul.~ly'II-
lil •ecHmt. 1•~ ~ ;reports l\ave been ll!lade wbiob sb.w tbat certain 
aat:Lbi~$ will ao~lerate ime· g~h i-ate of ·~b14k~.. lare and. ffrit 
women (1946) Jt&~or-ted \hat the mdit.cioa of atH~~in and sui.ta ... 
~lle to a semi•pvUted rat.ion 'b~ught a\tcllts a e:ro-'h N1'pqn$1, 1-
ohltke, · '!'be atibifl)ties did :not caue a stedl!A\ion of the i~esttn&l 
\i-ao\ of the tthlcks,• but d14 pl"Gdu.te a "4u.ct.lo» 1n th$ col~toa Me-
te$ o.t \be ••al .cl)n\e1tta. Newell•• Pet<i#Non am: .mv~em (194?)· . ., .. 
porte4 iao1'e~ ~ in ebt.ks t~4 a ,ra,\ital .:ratiGn aupplemea\84 
with a. combblatt~ .t dtr1e4 ,tnit::Ul1n tqetllum · ~- ti&)l pnt.e wat.e ... 
Law,. Nf.etireh by HtQl.*11 and coworkers (19S1) and. ·C1.mlm ~d' coW<>rkers 
(1949) showed \hat~ a.ue~1n aiai;h (A~P.r. •~•nt:ra'b.•) ~duc$d. 
S,l'$ateP ~h t.·t,urkey poults. and em.ne th,_ did 'ri.tu.lln ti.a• Stoatatl 
aad luktis· (l9,0S1b} ant matteMU, Qleton ~- .flttehing& (l.9·50) Jtepol"hd. 
Iba\ au\iliot.tcs isereasu tbe go,tlb ~ai'tit ot fhiek$ fed all 'feptiabl• 
,roteb Jl'&ti()tJ$. 
~. t.,n1 and Ho:Glmd.t (l.9$0) ieporttd fiat.a which ladf.oat.t . · 
that: an 4.,.r,,, conct.lntioat~ bu a spding df$ct,. on the ~tein ~ ot 
Joung ehiua. Cudla aail: OOW'Qrke;e (l.9S0) :,e~d s11IiUall' •ta wi\k 
~.. ~.~ (1950) reported. \ha\ ave~u· or s--~- ~u,ed 
pea\e:F pwt.h 1t1 CJbloke thall did vit~ Bia anci that the •UMoUo.s 
l•ered the 91~n 8:Lz :,equireDm\. et the obiok. le ofte ... \ht •• 
pl.mte.tion tnat ~· antibieti•'f.l stimulated~ indireetl.7 by ob~ 
4 
iilM bt•tlnal &d.orotlora trom tt~aiioabl&tt t. ,Ud,esu,Qle•• tn«t ot 
o:rpul.,-,. ~ that 1me "~abl~" type£t were Ntporl$i'bltl tor th$· ~h 
•tt~ tar~ bt.ut~Ml ~,-11$.. x.,li.Mit (19$0) ~-11\t.d ..-td.enoe 
•t SJ!l'h•t. by tavo,.a:lltt l:ia.~a l)T showing tha.\ ten~n and pe.nt;;. 
eUUtl imd:~tad t• .gr'Owth ot iJloatrtdta in tM tateatinal t:raet- ot 
•Metes; uA paal.t,.e. Cook sad ooworker.$ (19.Si) 11•""'1Cl ii.at pem.oUlin 
4\l&Ulff •· "<luo11oa 1B tetlM. laottbaomt •~ts amt a lMi'ew,$ :&a• 
•oUloni Olt)wtti in the poult •. 
Bl.am, .ttfe tm4 c ... o.,;1.a) ftporbe4 \he\ 'pw4.uu,n .. $ .. a. $lg. 
m;.tltant. ~ffeato · 1it the lot.al ~" ot .1nt$$t$.nal mu~•Pfd.$11$1 in•· 
t~ •n\$11!o4oeoi and penlcilltn•re&:tatant ~••• a., Oe.e .. 
--•b (l9'1lll>) teporiiei th&t ·the l1\1ection. ,t pcmie1J.lul at~ted ---
in the ohlek and that tbe 1n3eet1on. ot awe,~11'1: tau,, w have '$lCh an 
eiteet.~·· thGJ •. ,ob:L$l t~t•, wbieh ••• .-. tro• tbe t•es;, showed 
\hat the •al or- Wleted. pt»:d.oUl.tn 1MN&.$ll4 the .... r tt 7'as\a ~ 
the 1'1tUnbefr r,f ~clllln alld &U"$0ll\YC.ba""'ll'erd,at,ant •tttii.a.., .~.in 
1•nased the ~bear otauN~t:ltt•:re•iatet baet.erla ¥d 1.ui, 'bat dltl 
aou &ti•• \he ~e1~ .. , .. utant. tmot~l!li1-~ Ela,~~ Ccmck (1951#) 
.,.,o~u that ~«d.lUn 41d tu>t incl,Na.$t 'the \otal $mil:Mt· ~t b•t.eria 
qr· tJ\e ~•r of ent~rooocei a.ad that th...,e wes a,o ~e bl lac.tti,e a.ow 
_. eoW~•·~Pfi, 'ltle awabel'• ot pelliol~N$i&.t~, o,-,-.., ~· 
Uf'4~sta~ org.ta•, "'8 ~ll. • Te<l!\Ste, wel'e tnorea•efl. 
·On the other ha.mi Wolt.erl*~ O&l• .~ G>10J1bbt (19,1) Nporl• ~. 
~b 'iadicat•d that tht aeti$1 ot the u.tlbiottca _,. - tnvolved b • 
t11.el"$Uet\ rate ot ~ion~ the i.n\estti.ne •.. 8-4• -.d tworik~ · 
(1,,i) Np>~ ctata tdd.qh sb01/i'e4. Uh~t one ,._tid# tt a1ti'biotiot .ts \o 
-~ ~ "12. an4· thl1$ indS.Jteotly \o, •~ the _. ,of tne-ttd~· 
au4 •h•Un• ln· the oM.ok. 
An4enon, ~•• and S~er (1952) ·toad th• the pH Gt the 
•••al een\~ ot ~1.~kens w• :rs~ •• penicillin t,a$ ... .a,ed t•· 
ntl~ •~ins tlitf$:t"ent level.$ ot J)N.lt.lifbk. The ,e<tu.otton u pJI -. 
m,sociiaiei with • iru:N:aae in the n•e" ""' l.Qtobe.ftlli" ~l'elJit 
an4 .a.,~ofbUit, at>Nt>1e., and ~oUto• t,19es Qf o;'"pniSBiS and. witt! a 
r~tlo»i vi the ~r of ,nt.eN«oeei, 
ft;.& inteetiA9.l tlo2.l'a fit \he Qiok ... been NJOr\ecl to vaq wltl:1 the 
type ot oar~te in the Jti&tion. ifl>hau11q, ia:tle,r an4 Shapiro (1948) 
atudi$4 the tttee\t of voiotm ,~?!'bt>h7dr&tes ft the llitJtttl~n et tht 
g..-~ttat•ti.nal tl"aot. · The, ~epo$d. t,hat · ~ri.n-cont.atmq ftt.i~• 
ttro._ed the gre4t.eet ~re of ld.e,•~•• i,t). all G$pents·ot th• 
il\teetinal Va.t.'1, as. well a.es the leai!Jt "•P~cl*' l>e\ween. the titt•~~t 
))actntal ~'h. tilt ••o.a we:re. toumt \o M th• .tt.e. ~! the great.mt· 
co.-Jt&titn of td.croo:rga.n:J.$•• &kapil!'O ud Sarles (1949) ..a, ml• 
Ol'~b"l eoMta . of· tile intestinal tloi,i ot aofti.al trhi¢k$ ,,.. •. ha~ 
to •tUl"ltc~, . They.· £ou4 that. nwly hatchcit4 obbkl!J · we.rt Jielatri:vely &tH) 
ot rd.,orQorgaai$tlS ~ theuw tntesttnal t~oit .&ffl'i that tl\ert waa. a mpl4 
intreue .k! tht d.eNtlera 25 uurs Q;fk,· the bhk• ot t••• Sere a~ · 
t:he o,,a wei-• tne site. at 'th$ .g,ea'ies\ ~• ot micl'oorg_adfiu • 
. ,,. 
a.nemc, oj.oW •ti lilvehJein (1944) £~ nbot~•t1eienti 
tat.tom, to be eAtirela adequitv.te ttJ,... l'a\e;, 1r· the ••~ate •'*poatm.t.11 
w~ro eitllel" dmda or sts.1r0h. Thei.r resulte ·led. tthera \t -.~nelud..e ttm\ 
1-•P1•t• cl1.ge$\ion ot ~m O;t' 1;tta.M.h all.-s ,~ ·ot IP oarllobJ411ate 
to ~•ch tbe ceta Wb!iilf'e .lt 4a.tt 1,$. :tl&t111-d 'b1 · vitamut•t,atheeidng baQ..., 
t•ria• .Qou.t:h .a.-4 .. •·••J'k-,s '(1948) \med \ha l.~'DS be • u ~naentu 
~l tor -~~g t~ :.bt\u\inal ,~thesis of biotin ,aa :rdl.eo.ted 'tq' 
t.iw tiotb eonte-nt ot tt1e egg and by hawha.l:>illt7. . Th• tep$r\e4 tba\ 
d.m~ tawriad the inteettMl s111theid.1 of b1nt1n bo.t tu" s\1C,ose1 . I . 
laetose · -- ~1~ whey fti..'1 not, ta~r ts~eh s:,niltestii. CMch a;nd towol'kera 
{1950) e®Ol'i:t4d that the: teeaw:e;re no, :requl~ tot'~- ,sptb.•1• ot 
td.q\ia •• Mlur$ h•rut wee. t$d u~r-w <>.., etarcb ae a •~• .r· 
~a~ 1n ~ b1{.)t~l.4w ration. .1theY tO'lmd, els•, that the ft~ 
ot tbe t&e$. \~ to enbaaoe tl1e intest-in-1. ~••tu •t. blotil\ in th~ 
Intestinal. tract, <1t the ~ h••·• 
the :lmpt>J'tQllQe ot the tun~tion '111 the ee1a in the twl he$ biMn 
•m•• 'b1' Ola•n ~• tfaM (l9JS). !h.q .oenelucieli that th(t '1eea -,, be 
~. OI' QOo1••d. with no apl)a.Nnt 4et,nm.ent, to the wU beiDg ot the 
~••• fte pH of the °'"a wu lQ\fw ~ ,,, pH ot eithev the ll.._. 
tr th• l.a.rg• 1ntes-tue. ·01&on and i~ (193$) al.s~ NP'~ the.\ tll,re 
was a ••leet.ivliy •t the •terials w1doh gained etttJ'anee ta" •r wett 
-,\i.td. fNm th• C~Oih 
Jn l'iew of thfil eontnclietWl7' nsult.$ cite4 a.bove it &Mmi4 desirable 
w atw.a, the tilffect of p•cU:U:n aa& au:NJ~$.n on the td.erof].wa. in. \he 
•~•~ of the eh~k. Xf the aamunption it -4e 'that·ibe mlorotl•~ ot the 
uoa are fffponed.ble for vowth stbau.ation 1• th.~ ·oldtt, the pottft;h st!.,m. .. ' 
\\\a.t.ion produod. by the tGtal micnflora woul.4 be t~'teti U th• CMa 
WGN ~eacle~e4 *10~~tiffMl• tilth tlds in min', \hie hta. et ebiok$ wet• 
lt.gatect, p«d.Q!l.lia W$.$ aami,niste~, -- • a\lidt was ,-4e to detel'Jlia, 
tb,(t etfeets of the penie!llin: on grewth. 
·'Zb!a ~*n' Wa$ c~neuted in t.u ttattet,, room on t:b.e poultt7 
tim at the Oklahoma AtF1eultum Etcpei~n.i S\ati~.. DfJy ... cu eht•e .· 
-~" l.'l$tld in all teeding tna'IJ,. !fbe. cbtekt W.'Elfe win.I. ~andet ,qj 'ffei.ehecl 
at the start of ~(;h f~diug trlal aild at ~· in\~9 ~~tU,\ the 
t~ni ,e~i~d.., The t~ed. was retni;,~ f)ll>om tb,e fee~n appr~\el7 lf 
k~ ~J" t.o tb.e time the ~bicka were·urei,ghett. a$$- Wf.\ta k:e~ •t · 
th.I# q~tit7 ct t~ ~.~Wll$d, l)y' each lot of 4h1¢kt k\ween we1'1d;np• 
the ehl~k• we~ b;n,Qded ·:ta ml.ti~seetio•d etl.Nti-tcW,y-,..ate4 i.it~ 
type •rood•!"$~ ~h. settion waa eqd.pped 'tiitb l"alsed wt:re t~, 
water~ at each e:ta4. and t~ecle:rs. • each 1idth 
the ltasal ril!.ti°':wa·we:re to~\ed ••ins the mf)$\ u~~te uu.~ 
\ri.ttcnal tabl.cts. ~e ta\:1ons . .-.N a4~(llla.t• tn all m\rie-, .~. let 
llJe ~US.Nd bf the ehi~k,. 1be l\led tot ~h ttieatmm.t, •• llii:we4 ~-
W.- priOl' ·~ tli$ be~ ot the teedi~ ~rit.Hi"- . 'f.b~ anti\ioUt: uaetl 
wq ~d a\ taa:, ttm.th the an\iololie was tu••- .-i with 100 ot tit 
' ' 
i&J •tie~ m« t.heia· mllte4 with e. a,nal.l am<t@t tit t.ne te••- f1d.s ~\it.7 
of' teed WU elfte4 'I@· ~fllQ'.'fe t\ll7 l~ Wbieb.,, Wit.'¥'$ fo,me4 •d 1ila$ then 
addet\ to \he :teat. ot the f•d in the tntxer. A ••1• ot eami rs.\!()n ~ 
\akeli anti a 4h~~al. ~td.$ wa• mad$. tor :,n,otei•• td.:t~C!ig .... tree ext.ta.e,, 
wa\&7'1 ta\1 fi~·, a1b. taleium af.11 pbosph<.>ns., 
flle l'ffJipt ga$;.1;1; da.'.ba weN analy.taed ue~ to the ~1• qt 
? 
-.,,,.,.;t.,_ · · ··O .Q-.,.,i ·o. ·('lt!H;.11.) ·-.~~,c• -,. ~"'ec r . •7-+W Jj 
ot the Chio1' as .. R$1.ed to . ttie Growth 
St1fflt:uat,~ lUfee\ ot Ald;lbiotl•• 
~. :te~g tnal was d~sign~ \o G;\ui1y th$ ,tt•t• ;:,,t pen!c1ll.in 
and -~-.,d.#S; whtn added to a semt•puntlecl te11'fAose rat101', ,flm \he· 
1d.t1M>fl<,ra . o_t the oe~a and on tile ~h ef the etj,.t,iit .. 
A se$1.~~led baaal e~~e ra.tion doll ta de~•e· .we.$. s-1ettetl 
t~e d.tri:a·t~v~2'$·l>aeier:ial tyntbetis .aa hpt.U"\td b1 Cqui~ and .... . . . ~ . . . ' 
~" ·(1948). . ~. compt.s1t1on ot the sffld.-~ff~ ••,..J.oae \lual 
:'l'°at1~. '1SM 1& ·.SbQWU 1n !able l: .• 
fb:e,. 1$ttal re.\ion ~~ eu.Jpleaen\ed -,1th e~t~U.tle pe~~ G a.t 
. I ' 
. the .-e.te ot .lQ mg., ,(27,600 Ul'd.ts·) per ~d ot I~ ,~~ tiho•e .cb1tkfl re• 
' . ~ . 
· .CJei~,i:: :,&m.c.Ul.in. A\U"e~il'li wa.a added to the ltaiial Rtiorl ait. the J>.llte 
. J • ' • 
. ~ \\fl4 """" a t.~eulj.n: tl~·•a• and. a ?.J • .o:a.ui:m, needle . . . . ....,. . . . . " . . ' ., ... ~ . . ~ llill •Q"" . . : 11' 
Oros~ ..t ...... ~ ehicka, t~ " mew Jlsm1M•hi.N 1t ~,-~_,.ta •. · •.• ~1 . • .••• · . • ••• ~'" .- . •' .• -•.• ·'· .• ~~~WWt¥ __ 
!Nk ~t.ing W:te uaed. i.u. this .f~ \~el, ae 4hltke W_.. dis\i"'11'tl\e4 
at~- UlQq eipt. ~tt ·t4,tb. l3 cl\!.t;tlu ln ea.,h lot. ~, •. lote wtff 
·l!!\;..,.-'t ........ ~-vw~.'9'~~ 
tt, ·-r.i-. ·":.....:.1 
~~
~, 
S~F;t;ED C~ ~. l.U.TJOP 
t-~ ,{ll&eai gluten ~~at.,) 
ftt~~ve2 






.i: 0 •ii!!•-·· 
. $.O 
a .•. s 
'.•~t. ot .Sfml•Puit1•• Batton•· E'Nt-'11t a.o,"' .1.,.1, ,i.!!laoi, 
fat , •• ,i, · n,~,. l,09%, Mot.st.~ n .. o•• Aeth 6.?J" w..t.a 1 .. l4% awl. 
llloa~ .St)j:, . · · . 
la\OO'Pro~ A 50% pteie:ln -~-- oi.1 Mal. 
· lft~ ~tu1n · (5 lolltlds) 1 Vttad.n · 4 feedln& .. 0$.l (600Q. 11/p.) 
o.~ lb., 'f1\and.n 13 (2,000 AOAC/&bl•) 0.1 lb., •~oJJL 1.:,62 •·, : . . 
~otte 0.01, •·• :as:t,otl~ o.454 P•, ~ ~bl-cw:tcte 0.211 lflll,,,, 
~t~e o.aaf pi.,. Jolt• Atl4 O,Ol31 p •. , It~ o.004S p.,,, Me"1£ 
A-.i~J,. I•~ J .. 51+0 IYi.•J Choline CbJ.9r14e f0+69 Sfli•t !otophe~l ·~· 
te11trate: o,ooa gm*, and ~~• 4,39 pouniil.$. . 
'-1~41 ~wtet Cal.cd.• Ce.t~le 29,.,4%, J11al.clwn Fhospl\ek )2-.6j;•. 
Po.tufd.tmt Phosphate 15 .. 7"1• Sodium Cbltridt l.1!1!'41', ~eeium $ult&tto 9•46i, 
~:::S's!ii!i!·o~a:t =-~:i:1;1!:~~ :=:i:i~~ o~~. · 
l4t mo •. , . ,. " •. ~ifi!. 
l, 6 
;a, 7 
, .. a 
4,' 
~ea,tmep:ttG 
~al (lllemi"'"PVtti,d) Oont;.rol 
~QJ. o.;, Penicillin .20 mg/lb. 
Sula!,,... Aur.eom;r•in ao ~b. 











Gou@ atld f.JOWO:rkel"$ {1948)' bad;. l"$~1"'te4.\ \nat, the eeca Wf~G thc\l Gltes 
ot ~ ueat.,et oaotedal ~,ntMet,. J~a,on,. ~ltZ:t and &hap1"Vo (194$) 
Mi repoY!"tod. · that the ceca tOJ\tainad tbe gn,atest OQllt.a~~atltm. ef oao .... 
teri.a u the intestd.~al. t-l"QQt., fa• al&f' l!Spori.'4 that nhleks :f!!!td a ratio• 
ri.• in ~e bad: le~ epread between ·dttl•r• haot.mal •eun\$, Witb 
lh•e :r•,ort& ,in •d the oeea wet'e s$l,e'bed u the s•ttom. ot the ·u-,. 
~a\1m1 \l!'act in wb.teh to stutly the .rtd.o;Ntlolt'~"' lacter-lal. .cGun"' · wen· 
ede a\ on.e, two and four week; intewalt \Q s•e 1f tb•it~ waa a p-•$$ 
fib.a~,e · ~· the b•t,l'lal. p~,; in the f."a• 
· A c•Ji0$1te ~e ttas taken from the ••a of tJn'>e(II thl•• hoin 
tth .. )Mia t'1hitth had ~e¢ti ve<i peni,illi.n. and au,eomy4in · in \hff ntien · 
•• th$ e1.•e we11~ one week, twe ~•el¢$ and f<>Qr·week& ot ~- .fii~ 
4biots t~t.~d intraaw.n,;ulul.y had sap.le$ \aken only at. te.u,, w&e'lt$ '>I age •. 
~~ Obie.ks tr6m eae.h lot w:er~ aaon.Uoed tor tam~.. ftui. foll~ 
·big hchnlque was •loye<t i.n rem.~ th:$ <1nJ$i·b. 1:he thick was · pl.$ee4 .li>n 
tt. l'ight· llllide and ml incisi.()n w~s made in: the ·.left s;W;e ,d:t.b a ~~ ot 
"1$$01"$., the ~c,a were \)lea grasped with a.~ et' t~ forcElpe. nea:r 
the .S-\:i.on of th$ int~•\ine, They were :HJ'fered. with ... pair ,of s.oissars 
&lid. Utte4 wt. by. tea.ring the meffntery • tblil!· distal 1/ffid ot the eeeJil. wn 
~•$'d with a pa:1tr· ot &Cil'$ol':a •d tho CQntet.t1 ~lle4 !n\:o al st.eril.e 
pst.~1 41•'.b• ~ w:ae aoeompl:ishe.d by windtng the e:ec& oowad tho thum'tl> 
ll 
~onte.nts of the t.bree @icka i~re pool.e~ ansi · the tiJ.wnple 111a.$ tho.1:-QUghly 
mixed 1zrl,th a ;pati.w..a,, whi¢h had been oleetned and flamed \'>etween samples. 
'l'hia n1I$dia arid cu,J;t'-1.1/"~ prcx:e(iU;r'es w~l!·e esI;1entiilly t:be ~~e as tll&se 
i)utilined by Sbapiro ~d S~les (1949}. \l:h@ \ZJne .... h~f ~am $~,Ple wa.s 
p1a.cen hi 4.9.S mi~ of sterile ta.p wa.te:r iti a. .a:bt @M~fil dilution 'bottle 
whieh e11mtained a lave:r ot glass 'hea«l!J,. !hes~ initial 1d.OO dilutien1. 
wet-e: sn•e~ ·Viserou~l:.r until tb()r~ijh'.iY mixetl. i'he!'l ss1:"ial. ~ec1•l di"' 
l.uttons we:re mad:!i bi st.~:rile tap 1r1tii:ter< u,p \Q l:10""'10 dilution and iuoe\13.a.... 
tio11e. WEil:'$ madf.i into the toJ..lQl'JJing media: OJ '?:it:~~ne1 ~,~r (JohaMson, 
Sul.es, and JhapiJ:'f:) ... lf48) tot- .aerol;:d,c pl.ate c®nt., (2) 1J'lb1o~ol.ite 
me{j!mi,;iJ (Balt~:re BiQlQg:;lc;.u. Labora.t.o:rie:s) with a.g~t · atttl glll\eose added, 
in sheJ.ke ... t~'bei tor M indi~at.:lon ot numbe:rs ot a~~r<::>'btc 'ba¢terir;t, (3) 
Ca.r~ot ... tivel' ~ti"aot (CL} Aga~ (Ga.rey, foster and. Ftaz:t•r ..,. 1941) tn 
pla.'ltet, tor an indication ot r:tlU'ltbere 0t l~\ie aeid ba;cteria,, (4) "S.,..f~* 
11.>l'Qth of Hajna w,d fleZ"t'Y (l.94j) t:or dilution. ~()unts ,;;,t ente"'ell)tei, ~. 
(S) litco ~se~eb<ililate A'®i.il'pla.tea f:o'i! the enwne;l;'>ati<>n qi eoliterm bat• 
Oul\u.);*et :li,repawed with nes()Jt7e)l(llate, ~(ill$ A~r .. c~L l\.gal" and. 
••!ld,eilyc()l.ate. me<Ji,urtf1 wan ineubat.ecl at 31°0 to,: .24 bou:r$ be:tore 1ount1 
were mg¢le., Tho.$e prepal"ed ~th Hs .... ,r, broth ttere ineU.bEiit~d at 4.5°0 tot 
72 hours afte:r which Eu1unl$:rations were mal'l~l. Five tuba.a ~~l" til\l.t.icn 
W'e:re used for dillltion eel.Ult$, an<i th.e :{,:met p:rohabl:e nlffllbe:rs Qf or;an.lsms 
were detemn~d from the (Ml:)N) ta.blflls in. Stand~:rd lle'l.hod.$ tor. th~ ·~ .
.... · ......... L .· .. r.-~~---··.······ 
inat.ion et '~Jat~t" and Sewage (1946). 
*O'. . -~~-·'10• ~ ,_ ... ~ - :.··:··_1-·_,-_:¥·.~ 
!be pertin$nt data on g,owth stimulation and e~1Ative etfiti•n.¢1' 
of teed '/itiU.eation made l,y the Q.b;:tcks ted a. taemi•pui"ifi~ oerelose 
ratiG'J; aup-plemented 'Witll penie.illin or aw:.eo~in are presented ~ 
,4,VEftA,GE GlUl'.:S or oo, BX ~ Amn ffi~.;S Fin· fflE SIM'.t•MIIIE.D 
~E iMAI. RATION AND ffl. BASAL iATlON SUPP~rftU 
~JlTll P!!ltlOIWN OR AU~OIN lN :IX.Plt~l:Ml.tiT l 
two 
A"tJ'·. Male Ga.in l.22 .• $ 119.9 
iv. Femalti Gd.a 101 .• , aa.4 
to\ t•a.n m~, 10,.9 
tr,ta1.tin,en.t ~ :un. 7· 
FOUR \ffllil{S 
Av. l&!J.e Gad.n Jl.6\112 ,;3e.4 
A,,. lemaJ.ti Ga.in 211.; a1,.o 
Lot Mean 303.9 3,06.,6 
'P~A,t.ffiP.n+. Mean ~011;;. 'l 









A oompa.rat1V€1 e~•tion ot the data 1n.41cate$ that.ooth ;penicUlUi 
ani ave~i~ $t:tmul.at.td chick pGJWtb and tha\ pem..eUlin gll'eatly tmproveii 
teed ~d"fi~ieno;r. ~nation ot Table IV, W1el.ysu of va.r:um:ce, indleatea 
that .no aigui.t:lc:;ant ditteren4e elr.1$ted b~t,w~ the an;bib-iot1e treat.Qd 
ehte~s and the oontrol ebicks at two we~s o.t age. ~teWl' .- a.t four W$tlklt 
of tJ!;ge thia ehit:#ka f•.d pen1<:illin or aut"$omycin.ma.de ga.itw tba.t were .iiJl,-. 
nitic$ntly 4Vea.te~ than tht tontrols. 
Chick$ :r~c:;ei vin.g pN~ penicillin G inj.ect~ intiramuteula:rl.y ma<$.e 
tAiLB Ill 
AVERAGE C~tlV.E FEEll .Ef'FlCIJlfCI&S Jit"m .til?l:DIO:tIC CON;-S~WTJ:OI\! 
OF r10mw. CHIGKS IN l«fmll'.M;'!lNi' l 
Lot N~. 
~-- ~ Treatment AV~ One. !we. Three Four Av~ :01110:k ~~tbi;l'eea~ 
f'er Week tJG$kS iJeeka lieeta ltift. (tbs.,} Pe:r Lb. Gain 
Chick .. !Ii J1k.s.} ·... . ~A wks., 
l, 6 Basal ... Control 
2, 7 Basal - .fen.20mg/lb. 




























4 •. 5 BasaJ. ... Pen. m. feed • .• 4 . o.l.GS o .. ¥~ !·971 1.~ . ·.. · .. · .. . .. . ...•. ·. 
' An'tibiota;c . 50,000,,.., s!I,;200 .. uz.200 .17,~,000 a.ms ' . ~._!~61 
1Feed weights in ~ .• 
a.lveracge units ct eryatalline penicillin G et1nsumed per ehiek. 
)f4.ve:rage milligrams of aureo1eyc.tn eonsumed pe:r ehiek. · 
'*iim..ts or proeainl) pemeillln G a.dlniniat.ere.d hit.ramuselll~rly p,~r ehiek .• 
t; 
14 
the greatest gains and ma e the most etfici nt use or the teed cons ed,,. 
The ehioks which r ceived the basal ration supple ented with penicillin 
de greater gains and had better feed utilization than did the control 
chicks and the chick~ t d eomycin in the rati on. The chicks which 
reoeiv d the basal ration supplement d with aureonzy-ein made greater gains 
' 
than did th eontrols; but they requir 0.037 pounds more feed to pro-
duce a pound of g n than did the control chieka. They also required 
0.157 pounds more feed to produce pound of gain than th chicks re-
eeiving the penicill:in supplemented rations. 
T LE rt 
ALYSIS OF VARI CE .. PWMENT I 
Sourc. at 
Variation • -
TWO WEEK GAINS o! 266 Chicks 1 




8asal vs Antibiotics 1 
Aureomycin vs Penicillin l 
Penicillin al vs Penicillin I M l 
Lots in Treatments 4 
Se21 in Lots 1n 'l'reat.ment 8 
Error 190 
FOUR liEK GAINS of 184 Chicks: 
Total 183 
Treatments 3 
Basal vs Antibiotics 1 
Aureomycin vs B nieillin 1 
Penicillin Oral vs Penicillin D-1 l 
Lots in Treatments 4 
Sex in Lots in Treatment a 
Error 168 . 
*Signitioa.nt difference at the 5~ level. 
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The emnnetativ~ data on tl'ie baeteriologiQal anfU:yi,1$ ~r the c-~l 
teeel\l of the ebicki are p:!'es~nted in f9.'ble V, rrbe m1et"obial Cil)U~ts i-u-re, 
A.GI l 
Ba.sal • (;(l)ntt·ol 
l?aaal ~. Penicillin 20 rag/lb~. 
i~sa.l .... &.u.re~>:iwc:tn 20 mg/lb. 
.AGE tit\'~ 
Ba$al. -·tjont~ol 
la.au - l?enieillin io mg/lb. 
B~lrHll • Aureor;WOin '10 :mg/lb. 
AGJ; 4 wJEJ.i;KS 
11 6 Basal • Cont.:rol 
a, 1 Ba.,a.l ... Pei,i~.Ulin 20 niis/111. 
4; $ Ja.,$a.l • J?1;;1nf.,;:illbi (lM} 
























,,.6liOOQ .. , 
e:$.pressed as. the av~ra,tcie nwnhe:r ot 'baQterl.a. ptilr i:F:a.'m o:t cecal fe¢~$ Qu a. 
wet weight ba&:is~ N~te the a:bnl;la.rit:1 in the t>actertal eowata <i>f .c,,hS;.¢ke 
,;uppl.ent~nteci with ~ni¢1illin and t.be 1ont:rc.,l ebicka t~d the .~as~.l rati1on. 
Ditter~~ees in. the micli"obial. eQ'Unts in .c.leeal f e~es bettt(H':;}11 panlei;.lin and 
•~~w.~nt .~. • G:ro'!i'lt.h Stimlllating Effect, of ~i-iieil.lin, 
f~d. to 4Mek~ witb Ligated ae~ 
16 
~s ttedisng ·c.:r:\a.l we.$ del!lignecil to study {l) ·the, €Pl'etwtn st~at:i.ng 
ettec.t of ;penitl1l1in \"i'ilen e.dd~d to e. praetil!l:al eqm .. S:o:ri)ean il>U m~l. 
));toil.el" :rat±i~tl a.lld. (;;;) \hli;) 1rolli'th el:feet e;t penitillin .iajeetlij)d in.tr~ 
\IW$eul~ly int.G1 citi.~$ w:tth nt,~i:al ~ Uga:ted ee¢a,. 
Gt>osa,;.tr~rl d.-,,y ... old o:btc~ fl"~llt .:,l;. Silvar Gtaa.hv I lew lt<J'll:J?Sbll"e 
wat~g we:re u.sed in this :te-.adi~ trial, 'rb.e, f.h!.ckis we:ts diat:lt"ihute<a at 
j<~n~m ll.nt,I1 seve11 let1;1 as t~lloi1s; 
1,rs,atmeq.t 
~aal ·{e.o:rll.~$-0yb.ean) Oont~~l 
na~a1· . ..;, .. .l?en!oil.1$.rl 20 mg/).J~. 
ligatei ~~ea 
J.S.g$'t.$d ceea 
'l'h:e ehicl¢s ,11ti~h ,~ee:tved 11en:i..ei.l.;u.n Ul the teei(l w~te: red tb.t ba$al, 
~~m,a1'ybe~ oU. me.al ration attppl~1;mted with 20 .$5.~· (21,600 ~taJ Qf 
~~'4aU.:bie 1~en1eiu:tr1 G per 1~ou~ct 'i'Jf te(:3d.- ·T!l~ eb:1.~k:$ wbith ~eee.i:ve<l 
pefdeilUn ~ttann.tscul{!,l.,t"'l1 t"E!leeived 121 SO~) um.ts of J:llt>Qe~ini$ p~ni;illi:n Q 
J~ti.QnS wEire lThflde into the lei at the ehiek u,s!r;tg a t~b~t'culn ipillg~ 
Ja:nd .~. a4 e:~~e nee!iU.e. 'Obic.te m L.Qt l! J"eoei ved a e.S.~g:J.~ :tnjet:ti,;:in .at 
thre~ d~~ $f a;s;e to tesit the r.eai~1 eff,¢t ot a si~e 1$jl!Jc'tten ot 
17 
procaine penic:U.l:111 011 'lhe £.ormula o! the com .... sQybaf1r..t Qil meal basal 
ra.t.1¢1n is presented in '!'able VI. 
GJ:"Ound .yell<m corn 
Pul'V'e1"ized oats 
Com S)..u·i.e:n . meal 
fiesh meal . ( 60% p~tein) 
Soybean oil 1neal (44% protein) 
Caleiwu tarbo:nate 
S\eam.ed b@nemeal. 








s.o l'b. ,.o lb. 









*i\na.lysis ot the Praetie;a.l eom•So:,bE}Qil Oil Meal Ra.tion: Pt-otein 
23.14%, N.r.E. 52.02%; Fat. a .. 6S%, Fiber , •. ;1.1.i, M<>iatu:re 10.s,,t, A.$1l a.34%, 
Cale1\lffi l.4J1$ and Fhcisphorue' 0.82%. · 
lvtad.u 4CO(AOJMl) D and 2000(:tU) A per gram. 
2:a:tl)otl.avin l WA•/ounce. 
fl)e $Urgieal technique for ceta.l ligation has ~n g.e,aer:iJ:iet\ to-,. 
towls b3' Durant (1926) and lo-,.. turke3$1 with specie! retex-ence w the 
corit,rol or blA()kbead, b;y ~ant (lf30) • The fe$d was removed from the 
teefiers ,36 h~s p:irlo:r t<i1 the ligation ef the ceea.. the chicks ·wer~ 
tive da.7a olcl when this was done. Oeeal liiation·was perter.med f.i)Jl the 
ehick:s · in lc>ts 19; 20 and ll11 The down w:as pl:u.cke4 from the left iid.e in. 
the flank regi0-a.. 'lli© $htek was then placed on :1.te :right side and was l"e"" 
s.trained. l?y an assi~tap.t. A vertical incision a,pp:rox.imatel.y one•fou:rtb 
inch :111 length was made I post.e:rior to the last. i-:tb and ventral to the 
bQ:r4er ot the 1U\ffll,. Thls incision wae made thr¢;ugb the skin, l'lll$Cle a.nd 
1)$ritone•, A small ,11:!!Und. spreader wa.s bli:Hllrled th~~• the ineied .. en to 
niiMct. thf ·edges of the ineisiorb With e;. 1~:r of thumb fo:rcepi;; the C:$0a 
were ,,asped neu the junction of the small i.nteiat:i,ne ~d. the c-eca WEtre 
lifted. tbr~ the iue.il!Jion.. A liiaturo was ple.¢.ed at t:he junction td.th 
t,be small 1nteatini& using a ta.per point. .needl<f a.nd: 4ot,tiH1 aut.ure {(140 
e~tt.on: thread,)• !he, wou,nd spreader we.a then :removed and the· ~dges ot the 
1-!tion were united idtb a. single eo\t.ou sut~. Oecasiona.Uy a, wind-.. 
putt totme~.. To relieve, thiI.s condition a ~U incision wa,;. made, in the 
•u &mt the aim* a.U«1ed to ~sea.:pe. !his PX'Q¢ed:m•• wa,a l"epMt.ed i:f t}1e 
Wind,,,.pu.tt ~ppeare4. 
' 
At tliia end o.t tb.e. tf,w week feeding peri~d the cbicka: \tere sla:tl.gbt.ered, 
aamin~d tor tunetionlng eeea and ,~ was dete~Gd. 'J:.'be data. ot those 
thieka which h~ one 03;' · botii ceea fu.netioni~ wa:r$ net included in tbi! 
'the ?$l'tinent data Qb growth stimulation and c\UBU.lative efti11:lene1 of 
teed utiliaa.tion .ma.de by ~.b1ekl!J, with notmal and '.U.;ate4 i;ece.1 ted a 
l,B'aot.teal. ~om,...o;;bean oil rneal :ration $Up})1ement.ed with petdet:utn are 
pNe~ted in tables Vl:I and Vlll .. , 
A eompaJ>a.tive ~nation ot'th~ <iata &hQWn in Table VlI indi~atee 
t"t. when penicillin Wtl;'l,s added to the rati<.,n, or p$rdcU.lin t1a$ itl.Jeeted. 
bt.t~eul~ly, th$ ~h :rate ws.a: st.imulat..e<l a.nd feed ~fi'ieien•;- was 
1mpro"t$d. :bl e.M.$ks w:tth :no:ru1al ffid liga.t;ed teoa.., Tho$e chicks with ntu:,mal. 
aml. l.igat.Gd eeea th.~t wei"e: fed penicillin in the ~al ratio:n. made the 
&l"'iaij:ir,$t,i'.. gain in ~-dT weight and the m()st eftioient '\:lse ot th~ le$d Cl\'tn• 
smned. i"he surgery neeesl!l&ry .for cecal ligation ;aupp:rei!HJed t:t.ui gN'Wth 
19 
l"'a:t,e s1igl1);~ly • l!ith penicillin in the :i:+ation, chicks tdt.h lige:bed ceca. 
made ~r~a.te~ gfd.J:l$ ar1d u.t:tli$ed .f ~ed more e.ftic.tlentJ.y t.nan cl:i,.d <:hicks 
td.th n()~a.J. eeea. fed the b~sal :r~tion. Elmmi~t::ton of fa.ble ll, a.nal.yll!.is 
Qf varia.nce, indicat~a that, a sigmtic;ant ~G\td,h stimulation effected. 'by 
panioillbt ®Qune:id a.s ea.;rl:J 2.$ ttvo weeks o;f /;lige in chicks 1 . r.ith n~nnal 
and lig~ted ce~a.. A single inJeotion ot 12,SOO units of peniuill;iri at 
th1!'ee d.a,ys:. ot age J;w,d no re~tid~ effect on the gr-Mb ~ate oi~ te0d ef,,,, 
fiei.em};y in .. ebi.cks. 1:be :rest~lt~ rep():rt,,d here indicate th~t the ~e~a 
are not er;H.Jenti.al tor tbe growth. p~omt:tng 1-il;eti.oo of pem.eill.in,.. 
·t.ABLBm 
A~ ~UVJ,.·mm, mxe~ $ MllIOfIC c:~-
·O, ~mm.~• ucu.%11> •A a B&~ & 
....... -- ·- -- -·- -= - ·.,.,,.;;. .:.....:.· LOt, .. Trea'tmellt; ~ Av. One ~ ····· ~· ·,our, tl;re li~~Chdtlk ____ U...-.-feid .~. ·
·or P• Week tf.$e'ks .__ ~ ·Ji.,.· m,., (l.b& .. J · ~ tb. ·W. 
It•. ·-·~ " _;·g ,S&\tn •• . 11 I i •. I I ·.·· H 1~ lif•l !f! . ,, -··l 
1' -Dasai ..... Ctmtrol z:, re~ o.1/J. .o.,e o,.8)6 l.314 2.rY1r, o.nt 
(•rmal. ~l 
-a.a,, 
l6 Basal· .. Pen .. 20m&/llh 29 Peei o.JAa a,.413: <t~,OJ. L39t 2.19$ 
(110i,naJ. ~a) Um.~s 3:,,919 ll,,.S3$ 24:t978 .as.,a; 60*'82 l..:Oi5 a.122 
11 ~sal-. Fa., lM* 29 F-ee.d 0.139 o.,a1 o •. $40 1.361 2.~ 
(riorwal ceca) Um.t.s S0,000 &1.500. lJ?:,SCO 175 •. 000 22$,-000 1..009 . . . . 2.1aa 
1.4 Basal - Pen ... ~ 13 Feed 0.142 0.,403 0.,918 l.ffi 2.:194 
{ao~ c .. ) Unit$. 12#,00 ,_ - - """""' 0.;982 -2.234 
19 Bual 1' ~ 0..119 OJ29 0.739 1~192 2.J.68 et.-844, 
(llg~~} 
Z«S6S 
20 1asa1 .... P-..,almg/lll. .ao ffiu 0.131- o\i>»1 o ... tt00 i.,sJ a..204. 
(ligated ceea) Units Js6l6 10,,79a 24,-288 '4.-171 60.eJO 1.024 a.1,a 
21 Bas$1 -· Pen. 1rf.t.' .20 l'eM . O.~.U! 0.311 0.3.'2 J.;..3,29 2.,0ff 
_, (l~ ·~> , , , !mi~@ '2,000 §2;111!. m.~ l.Z,,000 . 22,,.000 , o,m ... · 2.22, . 
*leee:l~ 12,.,oo um:b$ ot procaine• penicillin G in oil ev:ers -48 hours <iu~ · the .teedlng per14'Xl.. 
**ReeeS:,~i ON,7 one· ~\1-on flt U.500- unite of proe~ p.en1.eillin G iff. mJ.,. 
lteea weighw in pounds. I 
fA.l.UJR YIU 
A~ Ga..91& OF Gill' BY ~ AID Jr~ tilm 'MORtW.. AD UGAfS> CECA 
tJUB PW A t&A.ffJ:CAL C~ OIL .*At MUON lfi ~· 2 
-T~. Bual.' ·.Pea.~ •... · P-en.,Dl* . Pam..~ Basal. . ~- hn~~· .. ·Ptin.,!M* 
Lot •• 15 1, l? .18 1, 20· 21. 
CECA ' ti!orriial. IOl"lmil fio,rmaJ. Nomal 14gate4 Ligatei Ligated 























Av •. l1ale 4.50.:, · 4,0~1 482.l 450Jt. ,391.l ll/2.'J · l.6rJ.1 
Av:. .Female. J84., 420~8 429,;.6 437,~8 ,sa., 452.4 m., 
kt\ !ta ,A;.6 Mia~ _ .. . ,ia•J . W•,z . r: JJ4c.1, . , 16lt,2 YJ,S. 
~ived 12•500 'liffit$ of~- ,-.o:i.lJia -G i:D ·oil e"ll&q .48 ftOlU'S d\lring tile ftl~ peri.GU,,;; 
**Beceived. ~ one injee.tim ot la,.;oo \Ulite of~- pi!IDioillin Gin oll. 
~ ,..,. 
22 
.• .,,1j,11;11\l'~.-lll,![Qll'1'0,·,t_P.-~~ ........ ".,lhl(,-.1,.,,.,...->i::'lo' ... Q; ·~$:- ,,. ~~" >'!"--ii· 
~oarce ot .. . . . . . . .. lJeg:rees of Sum of l?le.:!i.n 't 
V,ati,g,~i!:?l! ., >"""- ... · .·· '"'··· ..•. , ,·.,;,,., ...... Fr~~J!SU.?re§l . , ~"fim~--




(1$) VS (16,l;?) 
(10, vs (17) 
(19) ii$ {20.,21) 
(20) Ve (21) 




(18) V$ (l.$,l6,1"1,l9,20,21) 
(l5tl6,l7). 'if$ (J.:,,20,2l) 
{l!i/ vs {lh,17) 
( l.6} vs {1'7) 
(19) vs (201 2l) 
(20) V$ (2l) 
8e1-;.1,ithin treat.nien·ce; 
!tt.Y •" .. ;r,r.•~·.·.riOr ... .... :;.;;.----··-iii'.'-!. --h*"'--'··:'"~-~-*"" 
lt.t.9 30,~71 ~~ 




1 '"!>in~~ 569 
l. -"""'· l,882 l ~~- 2 
l ~ ..... ~. 2,4j6 
l -~~ 544 
7 1,tltO 2:1,9 
1J6 23,.124 170 
149 ,.:a·1,21, - .... 
6 11, ,410 19',, 902 
l -· . 299 
l ... _... .l 7 ,f.$07 
1 ....... ,.. 25,428 
l .......... 1,121 
l ......... Ui!660 
l ... _ 62;$9, 
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7.90'l·lr v~ ..... L. . .. .,.,,J?'·"i·-·. ~.··i:'.! .. ?"I ... '.'.. r.L, .. 11.· . .. f)f.llf(')I ~~I 1$ -~~-~,f---··*-~~-'ii ·..-p.u, __ , _ ... _ .. ~~-· -
-t~$:1:mniti¢,ant di:t:fel"enee at ,,~ level. 
"'~·S.;tsn:U'.ica11t th® 1% lev$l., 
lh:e ~l!l.~imula\!ng ett.ett ot at1.t!b1e\ie$ haio 'heem pner&Uy 
aetepted. fn,alQl&bq tl1$ efleet. ta du t• th• 'l~i.,n ">.f a.nt1biot:tt• ·en· 
. . •, ' . ' . 
t,-~. uit'estinal ffliQ~tlon., .In tum these thang~s are rt$pOn$1ble ··· tor the 
iaoroueu gowth Jta.te . • fflltri.'t.iCilnal $ffic1tm.o:, i.Q. c.biok:th This theory 
. . . ' ~ 
ot the mot.W ot act.ion. of arttibiotd.ts tffl.S· lms·ed Q,fl()J/1 the lindlnga ot Moore 
•• eowo:tk•n· (.194') who 11,st o'baewe<l tl\at $\JeptonwcS.*11 su::Ltatna:d.dule 
. . . . ' 
' ' 
,...,. a eombbtation of attept~iti and swlfaswddiM s\imulate4 ~wth, btd, 
falle4 to. tt•l"1llti$ the lnte,th1al. \ra.<it ot chic-. However,. the treat• . . . : ' . . . 
.,,n,s . ti' prmt~ce a marked r~4~tticn in \he .eo.Uton banei,la ·et th• oeoal 
teees. Ela, Gee anti O!lllUeh (19.Jlb) t~4 that \he or~ \lt pa*l'ent.ral &t-, 
minta\:raticm ot perd.Oillin •tfeewd. gn,i-tth i-espon$t, but th.at e.veo~in 
a4mtnisteN4 puent,rally 41.d not $tblulate growth bl· the ch1c:k, . !h$$e 
•:rke~s als-0> i-eported changes in the intestinal. itl1orofl-a a$ a reevl\ of· 
\h~ in.jEJQtion ot p$licillin $,r $Ue~in. Ia ·a later tept,;rt JU•, Oee 
utd Cnuch (l?Jle) tolllld th4t th• injeoti• et ,enit:ilUn oy, l)aet,t,.aetn had. 
m<> effect • th~ inteet.inat.. mi"totloi-a,, al:t.bougb gr~ we."i ttimulatd., 
. . ' . 
:J,ata :PNr$•ted ht:rein have $1\owtl that pm,le!lltn,. glven·ora,lly or bj$ft/ed. 
lat~~uJ.:a:tl:;r, .stb1ulate4.growth and hai ·l'l..o ·ot:t.eet ,Gll th• rd.4Nflo'°~ $l 
' ' . 
the ee;.a., A~o•in a~ed t!l1 the ·l'ation· ,i,ttnn,,lated ohiek .tl"GWth and d.e,.;. 
jrtss~tl th• growth ef· colitomt; tiv.t. ta;ft:tred th~ !:to'llt.h et l.aet:lc .. acid 
and Mtf,NCOC•i tr1l)eS et l>aete.rta.;, 
;tt 11 appa•t ·tim,· ~. stimullli:t;i@ can··be <tbt-.~xuati .brad.ding anti• 
\d..otica t,c, \h.G itation, at least unde,. meet eoru:tt.ti1:,1;tw1 with •1-' without. 
eh~$ 1n · the intestinal mic~tlQ~. It the.· &$1iUIJP't1• · 11 ·-.d, that the 
~ ett~, ttro;m Aio,,1Je ·or-· an · antibioti~$ .1$ due to eh.an3es ~qht about 
in th:t mie:rotloita. Cit \h(l ~eea, !t, eoun. be argued that su<cl1. N.tpcn$e w~<t 
•ot ··oe.C\Q' 11· the tetui were l"en~red. tllO.n,;,.t.ctional.. De:t$ ffp0,:~(i ·ttt 
fable XII •d m nave shown tbat. penicillin administetred a:ra.:u.., •« par.·· 
~tel"alq to dla.Ck~ tr.i.t.h ~(,)n,..~tional CEt$a }?t'O~tad. a, Gipifie;a.nt, g~oW\h 
ftSJ;)Qniiit• 
Elam, Gee &n.d Couch {195l:b) irep&ri.ed. an Jtnereqet..t g~l!i :ra\'4 h'<>tn, 
~ ~•xd~•:ral. ~mstratio:«1 ot pem.cill:tn, uae1tr~in .,· ii*ti'\t11ted 
,-14illi.n wit.bout change· .µi the teoal mterollora.. flfem. the!~ data thq 
~pu.i that th• antil>iotio might a,qb as a ltl$\4bol1te ·witha the body ot 
lb.$ th'5i.Okt 
An.d~rison, &Unger: a.ad P$pper (l,$2) reported that tbe t~~~ ot 
. / . . 
c•~idn m!.$~:ra~•, parti~ly ! cll)M, it;ol~tet:t fN>ll 'Ml• eeea. ot 
chlok:11 ea~ted an mcarea.sed ~b •. Jlomoser, Shorb and tlotnbs (l,52) a.ho 
repone4 tbat P$deUUn ,CJaU$ed a .ehang, 1m tht cetal dc:ootlere. from a 
pnd~ate la.otQbatilli t~,e too a ~edominate eol.ifom tne. Vi~ole 
<h)l.Uoan. o. ... gtmttms, J op;\l an<.t 4em'bao;te£ ,Hntatu~ih Wf/8 isolated tr'om 
t,,be, c.ttoa· qd fq ·till) tbieks, etbmlat.ed: #M..'l. \JQth wt.th a.d ,1ttlltu.t tbe 
ndit!cn ot an a.ntibiot.lc to the :rat1on+ 
Slln~r .ant,lft')Wl/'k~Jte (1951) .ffport~d that a~eO!'tlf'Oin ~ r.eniullin 
~l.!:e4 the~,l.~tion ot protein ·l!)ut. did n•t .l-ertbe p:,,ll)tein n-
q,td.r~t.. Noff1s (19S2) indieated. that antihiotif1S .ttli.gbt, · 1Jdlu(llnee ·. 
f#et'tat,n bieeb-.~ q~ena so tbat an inol1'ui>ed sJ11theais. Qf es.scmtial 
•trletlts oq~d .1n the g'd.st.reintestinal t.ra.<;t,, 
the poffi't!Uitf e&i$\S ~at the ir&Jt,C'b$d. antiblr>t.(0$ 1nq be -.re\ed 
into t.b.e inteati.nM trract eitheJ" tbrou.gh.t.he bil$ o~ urine. lt 1sa.leo 
pOllJ$5.liil.e tor very minute $It0un\ai to be tound !ti the stc:retio& <>t tne gl.at\d.s 
,of \Ile inteat,inal. me<'H!l&t BoweVllir, 1\ 1s unJ.1.kel.y that th$taf Ve:t'y, minu.t.e 
,amounts oould than_ge tl'le m.el"otlo,-a ot th$ in"\atiml tract. 
It 3.$ a~~nt that W:1.der ee:rtain conditions p,o,Jt;b response, can be 
ob,\aine'Cl ~ ant.iblotie:, witl/lout chang• in the miorotlo:ra of th$ ceca. 
·Th~ etablUt;zr ot .Pe:nicillin ia a Vfll'Y importan\ t.aetor • ff$~loolted by ma.-tlfl' . 
'l'Tol"ke.n tmo bav• con¢lu.dil4 th~t th$ ~owth respon~• · etintElti b¥ pen:teillin 
w&~ 4¥e •fl> a ehang@ 1n th.e inttst1Ml mi:erotlo:ra. lerk, Shepard ani 
Glaeser (1941) :reported. tib.at pve t~t.al.lblie penieillin vJhen kept ·dr,f 
Htained its ant:ibiotie potenc~ tor limited periods, but was raJ;4dq i~ 
aeti,rate:d. u, am&ll U!OUl'ltfll of water. *Vermot.t a,a~ @Qttorken {1946) ,,.,.. 
PQmd tluit a\:lout i;me ... thi.rd of orally .adfflim.stered · peni.cilli.n gi1J'ttn to 
man •s ablso:rbed., fhe s:bsorption oeour~e4 thietly tram the du.ode~ The 
:t$U;~flg two-tk1J:'d.11 waa net absor»ed, p~esumal)ly beo-ee it. bu pa.saed 
b&pnj the abeot'~g ax-,a. 'the ~bl!h)Ji.~d penicillin waa either dest~etl 
by tbe lnt.$.S't;.irlal baet.er1a or· a11tall aI!Wutits e$ea,pe4 in the ;fe€$ef. A ;mall 
.,.un, wa..s ~tivated. b3" the gutri.• a¢S.dttr,,., 
The omt&Uine·pen:to11.l1n used ,bl this exper-bent. ~ ti:ret mbteli 
la water and. 'then ndJted into trhe rat.ion, wh1cb was plt'ep:wed. one i,reet prior 
~o each l•itdiq trial!! ~ring tlue period sae ot the peni..tlll..tn •1 have 
he\ it&· antibio\1¢· a.Qti;vity., Another pe>.Ssibility that. liu a,ot ~ ecr,p;, 
aitle:te4 ls t.he.t. taot· the j ,~,Q~ plll'Nuee$ an en~ ttpeAteiUinaaett, whieh 
de&t~ \he anti:t:d,.otif; activ.1\y ot pen1e1~3.n 1n the ga&tl"ob'it•etiruu 
t.ra.ct. ae ~pi>rted by Abraham alld Oha.h {1940) •. · f$tJ.th• 'wit.h the ~. 
le4ge et t.he ~l au..i.Oi:fflt ot perd.cilU.n eons•« Jl$l' ehJ.ek1 1.a s~ 1n 
1able& n:t aJid TLI, pottth ett~;ted bl penic!U1n Q.p~s to :re&i.Ut from. 
Gall$.eS i;tbe~ tkan enaniers. 1,:a the ruierotl(ilt'a ot tht ceta. 
A -s:Lgaifieimt gotith i"esponae W.!)l.\l pll'oduoed by ohiets when small 
qwmtit1ee 0£ eertain a.nt.it>iotita were added. to the ration, Equal growth 
N1ponse was obtain~ ti'hen PEilniCil.lin 11was injected. imtramu.seularl7. 
The ene.racter et tbe mic!"oflor-,,.a. <>f the oeea o.f ohiok-s: wq not al.t~d 
trmn tbat ot the eoJltrol Chicks when penicillin wam fed or injectec intra .. 
msew.arly* Wh~n au~eornycin ~ added tq tbe ration the <Joli.f.orm goup ot 
baete:ria. decreased and thG lactic a.lid and ~nterocoeo:1 groups .of ~aetePia. 
increased du.ring the first wecelh 
.Functional eeca at'e no\ essential tor antibiotics \o p~d\lce their 
ef'teots en tht .n'1trit1on and the grotJth in the t'U'li,ck.. 
ilh$ n.eooniem by which the antibiottes produce their effects on~utri-
tion at\d ~h appears te be as a metabolite l"ather tha.n iate.atinal. 
ltaete;rlal. 1~th«!l)Sis 0£ nutrients •. 
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rk., l>J,. Y ., 
Stoksta.d, i. t. R .. , and 'f. tt. Jukes I l9S0a. Furt,her obeervati<:Hl$ <m th~ 
tia;~ protein i'lll.eto:r'r• Pl"ot.-. ciOC., i~t. ieiol. Med~ 73; Jz,..,.,a3. 
Stok'~t~d, L. :a., and f. rh Juk~1111, l9J0b" Gr¢t'.fbh prora<:>ting. etteet. et 
a:tu-~01lzy"Cin o.n turltey JJ10t1l.te,, J?Qul,try Sei, 2.Sh 6ll·6~ .. 
Sunde, M .. t., P_. i,. Waibel, w .. w .. craver~ ax1d c .. •~ Elvehjeni., 19;:L~ A 
:relatto1:1shi1? het:1een antibiotics,. •it~ 112 and <Jlloline a.nd 
:meth1om.;ne :i.n ehi¢k gro~thb. Poultl'jt Se1., JOI 66$-671~ 
t.hayeJ", ii. M., K .. o. Leont ~ J~ MeQii:m.1s, 195(:h Comparative nu.trit.ive 
value o:f speci.f':i.o vegetable and airwrtal p:r,i;,rt@in Oti,in@entra:t.es for> 
ehltk$. Poultry Soi., ;9; 7S2~ 
libitebill,. A1t R., J. iY~ Oleson and ! .. t. Hutching$, 19,0. St.i.mulei:t.017 
ef'feets ot aw"eoniy<:il'l ~n the gratlth ot eh:i.e~s~ , .. <)e. Soe., kp·l:,. Bi9l .. 
Mefl., 1l1r; u .... 1;3, 
Wolterink; ~· !'11, 1h ?i:U. and l{• c •. Gro!ebke,. l9Jl.. ,Sttl~es olll. thf~. . 
meol:lan:i.s.m of ant1.bi.ot.ics gt•o\,rth st.1rnttlat1on. u,si.ng pJla ood Co.GO in 
th$ ehi~k. lraotrt$l Poultry Nutr .. (Zonf._ Clevel,W.nd, Ohio.t\ April 2l,J1 
19$1. 
VITA 
fhes:t,: EJFECT o, lrfJq:tdl.lJ.1l~ AND i\Ull!ro~ilOiif Oi!J e:tu:cm: GI.Otil!U M~D· 'J.'HE 
tdJlOIOFUJIU~ OF '?llE OIOOA 
Majo:r Fiel<h Peu1try Nutrition 
Biog:ra:phitali 
:!?lera0cna.l data; Bom near Dustin, Oltla.hGma; l'lovember 6, 1917; 'bhe 
son ~t t,Ja.t.bew Lee Dixon ;$.nd Dora •i.a11ne ~,:;,n. 
Eduea.tio:n; ·Attended ~rade school in Dawson, tuls~ andOwaaso, 
Qld.ooorria; graduated f:rem Owas.$0 Mie)l Sr.hool in 1936$ ;,eee:tved 
the Baehel4;1r of Se:1ence deg:ree .from the Oklahonta. Agric'l!ll\ural. 
tmc;3. ffijoharde/:.\l OQUege, with t11: major in Poaltl7 Husbandry, in 
JUly, 194a; :rete1..,td the Do~to:r o:r Vete~ina~ t!edio.ine d<igree, 
from th~ Ol~oma llg:rieu.ltu:ral. · a.nd LVleeban:ical Coue,e, l~y, 
19;2,. Co;nplet.ed the requi;ren1ents fGt- the Yiaater ot So:tence 
d.egee in I!JE;,y • 19,1., 
:frot,,1si<mal ~x:peri.eneet Entered the A:rI!J1 ot the Umted Sta.tes in 
lia:roh, 194:l., :rel.ea$ed .!rom am1 Dete~er, 194'51 a.a a Captain in 
th.e Field Art.iller7; ~. 1952; <H1>n4Uete<lt a, practiee ot Veter• 
inaey Medicine :ln Tulaa., Oklahoma; in 0'Jto'ber1 1955, left 
p-~ivatia praetioe to a<H.::ept a position w:U:.b t'.l!le Der.artment ot 
Ve\e:ri1Ja1•y- SGiienoe at LouisiMa State University~ 
:Prote!llaio.na.1 o:x·ganiiati.ona; Phi Sigma, Poultry So.ienee J\.ssoei~tion, 
Ame~tea.n Vete:rinaey Medical !$aoclation, Ok:LthQfila, 1f~t.•i:r:i.na3£7 
Medical 1\ss()eiatior1, and: 1\tlsa Veterinary ~di.cal J\$socia:t.:icrt. 
